We are describing a case of a female infant with ventriculoperitoneal shunt scheduled for inguinal hernia repair under spinal anesthesia. The child was a premature newborn who, in a recent past, underwent surgery in general anesthesia for retinopathy correction with subsequent difficult mechanical ventilation weaning. The benefit of spinal anesthesia in high-risk infant was described and the risks of spinal anesthesia in the presence of a ventricular shunt device-especially dural leakage and infections were briefly discussed.
Introduction
Premature infants represent a challenge for pediatric anesthesiologists in fact about six percent of living born infants are delivered prematurely and many of them present clinical complications such as respiratory distress syndrome (RDS), bronchopulmonary dysplasia (BPD), chronic oxygen dependence and chronic airways hyper-reactivity [1] . The structure and function of immature lung predisposes to obstruction, difficulty with ventilation and hypoxia. Apnea of prematurity (AOP) is also a common respiratory pattern in this population, and appears to be related to immaturity of the central respiratory control mechanism, hypothermia, immature musculature and anemia [2] . Apneic episodes are frequent in the preterm infant although they may be precipitated by abrupt changes in pulmonary mechanics, oxygenation, airway stimulation or failure to maintain a patent airway, usually occur without a precipitating event (i.e. idiopathic). Anesthetic drugs may further decrease pharyngeal muscle tone and respiratory center output with a difficult return of spontaneous ventilation and complicated mechanical ventilation weaning.
Other two serious complications are retinopathy of prematurity (ROP) and intra-ventricular hemorrhage (IVH); the latter has an incidence of about 25% -32% and often develops subsequent hydrocephalus that needs a shunt device insertion, mainly ventriculoperitoneal shunt (VPS) [3] [4] . Drugs used in general anesthesia often hold neurotoxic properties in this neurologically affected population, thus modern approach for emergency surgery is to limit general anesthesia and improve regional anesthesia whenever possible.
We present a case of a child with VPS scheduled for inguinal hernia repair who undergoes low abdominal surgery under spinal anesthesia (SA) without complications.
Case Description
The patient was a female born at 24th weeks gestational age (GA) after spontaneous vaginal delivery. Birth weight (BW) was 0.640 kg. She was immediately mechanically ventilated in neonatal intensive care unit (NICU) which was continued for fifteen days because of RDS, anemia and tetraventricular hemorrhage with subsequent obstructive hydrocephalus.
At 28th weeks gestational age she underwent VPS insertion. At 46th weeks GA the newborn developed severe ROP and therefore underwent urgent laser therapy and vitrectomy under general anesthesia with post-operative respiratory distress followed by sixteen days of mechanical ventilation with difficult ventilatory weaning. After three months the baby had hospital admittance because of an incarcerated right inguinal hernia with abdominal pain.
Pediatric surgeons decided for a urgent surgical procedure and after a fast pre-operative screening (blood count, coagulation tests and electrocardiogram) the neonate was moved to the operating theatre.
The anesthesists decided to perform a spinal anesthesia to preserve spontaneous breathing and avoid mechanical ventilation.
The baby girl weighted 5.1 kg and hematocrit was 35% with a normally functioning VPS (neurosurgical consultation was performed). The baby received antibiotic prophylaxis (50 mg/kg of ceftriaxone i.v.), and SA was performed according to our institutions guidelines [5] [6] . Before the surgical procedure the operating room was prepared to improve patient comfort with air temperature above 22 Celsius degrees, ambient dim lights, and soft classical music to promote natural sleeping.
She received a 0.8 mg/kg spinal 0.5% hyperbaric bupivacaine in lateral decubitus and she was monitored with intermittent non invasive blood pressure (left leg cuff position), three leads electrocardiography and continuous oxygen blood saturation [7] [8] . SA was performed at L4-L5 lumbar level of puncture with a 25 gauge-25 mm length pencil point needle. A little amount of lidocaine anesthetic cream (about 3 cm2 surface) was applied to the back skin 30 minutes before the puncture. The surgical procedure lasted 43 minutes with a good anesthesia quality (T5 sensory block level) and without intra-venous sedation/analgesia request. Post-operative pain management started with 20 mg/Kg rectal acetaminophen.
The baby presented normal cardiovascular parameters (no systolic pressure below 83 mmHg) with normal respiratory rate. No oxygen support was necessary with no arterial oxygen desaturation during medical procedure. The post-anesthesia recovery was performed in post-anesthesia care unit without complications with a fast and full sensory/motor recovery after 65 minutes from SA and with a continuous urine output above 1.5 ml/Kg/h. No central temperature above 37.3 Celsius degrees was recorded. The baby was discharged home 48 hours later without complications.
Discussion
VPS placement is the mainstay in the treatment of infants hydrocephalus (congenital or acquired) and the main indication in premature population is non-responding IVH to medical treatment with obstructive hydrocephalus [1] . Premature infants may require various surgical procedures and nearly 30% have inguinal hernia, which are bilateral in about 20% of patients [9] .
Inguinal hernia is more frequent in premature infant with VPS (47%), probably because the amount of drained cerebrospinal fluid (CSF) in abdomen increases intra-abdominal pressure [10] . One of the most important VPS complication is VPS infection, with an infection rate as high as 38% and four-fold increase rate in premature neonates [11] [12] . The most common pathogens involved are Staphylococcus epidermidis, Staphylococcus aureus and GRAM negative bacteria [12] [13] . Although no controlled studies show a significant decreasing infection rate with antibiotic prophylaxis, meta-analysis and experts opinion suggest perioperative antibacterial prophylaxis, particularly targeted on Staphylococcus spp. [14] . Many regimens are described including vancomycin, rifampicin, nafcillin and cephalosporins as in our institution [15] . Abdominal surgery in premature infants with VPS is usually performed under general anesthesia, Although defined contraindications to SA are not mentioned, many anesthesiologists refrain from using SA in this patients because of the fear of VPS infections.
In literature, we can find the same incident of meningitis after SA as after general anesthesia. In adult population, the overall incident of bacterial infection after lumbar puncture is estimated 0.002% [16] ). In children, the exact incidence of meningitis after SA is unknown, and the large study of Giaufre et al. (24.409 patients) reveals that only 2% of all regional anesthesias performed in children are spinal anesthesias and that only 30 patients are prematures [17] . Luz et al. report a case of fatal bacterial meningitis after SA in a preterm infant, but cannot exactly determine if the infection is consequent or just coincident with the lumbar puncture [18] . Easley et al. describe a case of aseptic meningitis after SA in a 2.5 month former premature but no causal relationship with SA is possibly proved [19] .
Concerns that dural leakage following SA in children with VPS may compromise CSF flow and shunt performance seem to be overestimated [20] . During SA, we note a less CSF flow through the pencil point needle (about one drop of CSF/2.5 seconds versus normally one drop of CSF/1 second) probably due to a different CSF shunted flow into the spinal chord.
Preterm infants appear to represent a very high risk population for anesthesia in fact, most of them present chronic lung dysfunctions and the risk of a difficult ventilatory weaning after general anesthesia is very high.
In our institution, we decide to use SA as the first choice anesthesia to manage preterm newborns trying to limit perioperative respiratory complications avoiding general anesthesia.
In conclusion, we think that future studies comparing respiratory, surgical and neurological outcomes in preterm patients with VPS in general vs spinal anesthesia are indicated. Antibacterial prophylaxis is recommended and a strict aseptic technique is mandatory.
SA in experienced hands may be considered as a safe alternative to general anesthesia in selected patients. A further mandatory effort to improve children's safety is to build a very harmonious working team, in fact a not perfect integration of surgeons, anaesthesiologists and nurses staff may compromise the outcomes of those little patients.
